FINAL EXAM
PROTEIN STRUCTURES AND NMR
SPECIAL TOPICS IN PHYSICAL CHEMISTRY

CHEM 991, Spring 2007
Monday April 30th, 2007
NAME_____________________________________

	Question No.
	Possible Points
	Points Earned

	1
	15
	

	2
	20
	

	3
	15
	

	4
	10
	

	5
	15
	

	6
	10
	

	7
	10
	

	8
	10
	

	9
	10
	

	10
	10
	

	11
	10
	

	12
	10
	

	13
	15
	

	14
	20
	

	15
	20
	

	Total
	200
	


(1) (15 pts) Provide an outline for All the steps involved in determining a high resolution protein structure by using multidimensional NMR methodology. Be thorough.
(i) Express and purify isotope labeled protein

(ii) Collect and process all the 3D triple-resonance (HNCA, CBCACONH, etc) and 15N- 13C- NOESY experiments

(iii) Peak-pick the spectra

(iv) Make sequential backbone assignments

(v) Make sequential side-chain assignments

(vi) Assign secondary structures from sequential NOEs, coupling constants, NH-exchange rates, and secondary C/C chemical shifts. Include in structure calculation.
(vii) Assign unambiguous NOEs. Assign unambiguous phi/psi torsion angles from C/C chemical shifts with TALOS. Calculate initial ensemble of structures

(viii) Use structure to assign ambiguous NOEs based on distance filter and correct violated NOEs and other constraints.

(ix) Repeat steps vii and viii until all NOEs are assigned and violated NOEs are minimized.

(x) Make stereospecific assignments for -methelene protons, Leu -methyls, Val -methyls and Phe/Tyr / protons. Include 1/2 torsional constraints.

(xi) Include RDC constraints.

(xii) Analyze quality of final structure with Procheck, What if, etc.

(2) (20 pts) Given the following assignment table:

	Residue
	NH
	15N
	C
	H
	C
	H

	Ala 9
	7.98
	123.9
	55.2
	4.18
	18.1
	1.34

	Leu 10
	8.56
	120.3
	57.9
	4.39
	41.6
	1.84,2.01

	Arg 11
	8.19
	119.8
	60.0
	3.53
	29.6
	2.00,1.93

	Glu 12
	8.30
	117.2
	59.7
	3.94
	29.4
	1.98,2.12

	Leu 13
	7.85
	123.2
	58.1
	4.53
	41.3
	1.73,2.22

	Ile 14
	8.38
	119.8
	66.8
	3.34
	37.9
	1.81

	Glu 15
	8.21
	116.7
	59.5
	3.81
	29.2
	2.03,2.03


Sketch what a sequential series of 3D 15N NOESY strips would look like if these residues adopt a well-defined -helix.
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(3) (15 pts) Explain the difference between these pairs of experiments:
a. CBCACONH & CBCANH

Both experiments correlate the backbone NHi chemical shifts with Ci-1 and Ci-1 chemical shifts. The CBCANH experiment also correlates NHi chemical shifts with Ci and Ci chemical shifts. The C and C chemical shifts are opposite phase. 
b. HCCH-COSY & HCCH-TOCSY

The HCCH-COSY experiment correlates three-bond coupled (3JHCH) 1H-1H pairs with the carbon chemical associated with one of the coupled protons. The HCCH-TOCSY correlates an entire coupled spin-system associated with on 1H-13C coupled pair. Both experiments are used to assign the side-chains.
c. HNHA & HNHB
The HNHA experiment correlates the backbone NHi chemical shifts with the Hi chemical shift. The relative intensity of the cross-peak versus the diagonal is related to the 3JHN, which helps define the phi dihedral angle. Similarly, the HNHB experiment correlates the backbone NHi chemical shifts with the Hi chemical shifts. The relative intensity of the cross-peak versus the diagonal is related to the 3JHN, which helps define the side-chain chi dihedral angle.  
(4) (10 pts) Which quality factors imply a high-resolution NMR structure:
a. 0.43 Å backbone rmsd
or 
b.    2.3 Å side-chain rmsd
c.
.-0.5 overall G-factor 
or 
d.    0.75 overall G-factor
e. 67% of residues in most favorable region of  Ramachandran plot

or

f. 22.8 kcal/mol NOE violation energy (FNOE)
g. 0.98 ppm rms deviation from experimental C chemical shifts

h. or

i. 0.75 Å rms deviation from experimental distance constraints

(5) (15 pts) The dynamic analysis of a protein indicates that: 

(a) residues 1-10 have an average order parameter (S2) of 0.35

(b) residues 112-118 exhibit multiple peaks in the 2D 1H-15N HSQC spectrum
(c) residues 11-111 and 119-147 have an average order parameter of 0.89. 

What can be said about the dynamic properties of this protein?
These results indicate that the first 10 residues are highly flexible and dynamic. It also indicates that residues 112-118 are undergoing slow exchange (ms-secs) between two conformations. The remainder of the protein is well-defined with low relative mobility.
(6) (10 pts) Describe any feature of a protein structure that assists in analyzing NMR data. (Example: hydrogen bonding pattern in secondary structure identifies slowly exchanging NHs)
-60 phi angles for -helix indicates a 3JHN of ~3-4Hz or 180 phi angle for -sheet indicates a 3JHN of ~8-10Hz. Similar relationship for C/C secondary chemical shifts.
Distinct sequential NOE patterns for regions of -helix (NH(i)-NH(i+1) CH(i)-NH(i+2,3,4), NH(i)-NH(i+2), and CH(i)-CH(i+3)) or short inter-strand distances between NH and CH protons  for -sheet.
(7) 
(10 pts) What are two general challenges with automated peak picking?
(i) Regions of overlapping peaks
(ii) Differentiating between real peaks and noise
(8) 
(10 pts) Write either an XPLOR NOE constraint statement or a dihedral constraint statement.  

assign ( resid 14 and name HD* ) ( resid 97 and name HD* ) 4.0 2.2 3.0 
assign (resid 1 and name   c )   (resid 2 and name n )
             (resid 2 and name ca )   (resid 2 and name c )     1.0     -93.57    30.0    2
(9) (10 pts) What is the general form of the XPLOR potential energy function for refinement of experimental coupling constants?

(10) (10 pts) What are the important differences between a 1D line-broadening experiment and an STD experiment for identifying protein-ligand complexes?
The 1D LB experiment requires 15-10x more protein sample than the STD experiment. But, the STD experiment requires significantly more NMR instrument time (summing a difference spectrum) is more sensitive to weak, non-specific binding and will miss tight binding ligands.
(11) (10 pts) What are two factors (there are more) that determine the relative strength or intensity of an NOE cross-peak?
(i) The distance separating the two nuclei.

(ii) The overall protein correlation time.

(iii)  Spin diffusion

(iv)  Local motion
(12) (10 pts) What is the relationship between correlation time (c) and T1, T2 and NOEs?


T1, T2 and NOEs are relaxation processes. Relaxation or energy transfer only occurs if some frequencies of motion match the frequency of the energy transition. The available frequencies for a molecule undergoing Brownian tumbling depend on tc.

(13) (15 pts) We talked about a number of different types of protein isotope labeling schemes during the semester. Briefly describe one general method and its application.
Number of possible answers: 


For high MW proteins (>25 kDa), it is generally necessary to additionally label all proteins with deuterium to remove the efficient 1H-13C relaxation pathway. Also, deuteriums labeled proteins enable the application of TROSY-based experiments. Simply, deuterium labeling is incorporated by growing the E. coli cells in D2O. The process requires acclimating the cells to D2O.  Cells are passed into media with increasing D2O concentrations. The percent deuterium incorporated into the protein is directly dependent on the D2O concentration in the cell media. Deuterated glucose may also be added to the media to increase the incorporation of deuterium.  
(14) (20 pts) 

(a) What one general NMR parameter is the basic mechanism involved in the transfer of magnetization between nuclei in all 3D triple-resonance experiments?


Strong 1-bond coupling constants
(b)
What are the two correlations observed in the “fingerprint” region for making sequential backbone assignments using 2D NMR data?


COSY: NHi to H

NOESY: NHi to HNHi+1 to H
(c) What important experimental parameter is decreased and what is the impact of decreasing this parameter when going from 2D to 3D experiments?
The number of data points collected in the Y and Z dimension is significantly reduced resulting in a decrease in the digital resolution.


(d)  If, in general, 3D experiments are better than 2D experiments, why are 4D experiments not generally better than 3D experiments?


The gain in resolution of 4D experiments is generally off-set by a significant lose in signal because of T2 relaxation that takes place during each transfer of magnetization. Also, data analysis of 4D experiments becomes very cumbersome.
(15) (20 pts) 
 (a) What is required to observe an RDC in solution NMR?

An alignment media that inhibits isotropic tumbling.

(b) In order to use RDCs in a structure calculation, you need to know the alignment tensor components Dxx, Dyy, and Dzz. How are these values measured?

A histogram plot of all the experimental RDC values will resemble a typical powder pattern from solid state NMR. Dxx is the most populated value, Dyy is the lowest value and Dzz is the highest value.
(c) How are RDC values measured? 
RDCs appear as additional coupling constants. So an experiment that measures coupling constants (2D 1H-15N HSQC coupled) is run first in the absence of alignment media, where peak separation are just J. The same experiment is re-run in the presence of alignment media, where the peak separation is now J + RDC. The difference is the RDC value (can be negative).

(d) What is the impact on the overall structure of a protein by including RDCs in the refinement?

In general, very little overall change occurs in the structure, but the structure is more accurate since it is consistent with another experimental parameter. Structures based strictly on NOEs do not properly predict RDCs indicating small local errors in the structure that are not generally noticeable.
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